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(57) ABSTRACT 

The invention provides a Semiconductor memory device 
comprising a plurality of word lines, a plurality of bit lines, 
and a plurality of Static memory cells each having a first, 
Second, third, fourth, fifth, and sixth transistors. While each 
of channels of the first, Second, third, and fourth transistors 
are formed Vertical against a Substrate of the Semiconductor 
memory device. Each of Semiconductor regions forming a 
Source or a drain of the fifth and sixth transistors forms a PN 
junction against the Substrate. According to another aspect 
of the invention, the SRAM device of the invention has a 
plurality of SRAM cells, at least one of which is a vertical 
SRAM cell comprising at least four vertical transistors onto 
a Substrate, and each vertical transistor includes a Source, a 
drain, and a channel therebetween aligning in one aligning 
line which penetrates into the Substrate Surface at an angle 
greater than Zero degree. 
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SEMCONDUCTOR MEMORY DEVICE USING 
VERTICAL-CHANNEL TRANSISTORS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention generally relates a SRAM device 
having at least one vertical SRAM cell comprising vertical 
transistors to reduce the memory cell size. In particular, the 
invention relates to a SRAM device having at least one 
vertical SRAM cell comprising at least four vertical tran 
Sistors. 

0003 2. Description of Related Arts 
0004 U.S. Pat. No. 5,576,238 refers to one species of 
SRAM cells including four transistors and two resistors 
(4T/2R), which is slow and consumes high power. The 
embodiment shown in its FIG. 7 has two vertical transistors 
formed above the resistors, which are in turn formed above 
two regular transistors grown on the Substrate. There is no 
Vertical transistor above any other vertical transistors. 
0005 U.S. Pat. No. 5,341,327 tried to reduce the cell size 
problem by adopting all thin film transistors (“TFT) in a 
six-transistor (6T) SRAM cell, which circuit chart is shown 
in its FIG. 36. As shown in its FIG. 5, a pair of transfer 
transistorS Q3 and a pair of driver transistorS Q1 are pro 
vided, which are constituted with n-type TFTs. A pair of 
p-type load transistors Q5 is formed on the surface of the 
interlayer insulation layer. The TFT 6T SRAM cell is 
Smaller than the 4T/2R SRAM cell but still slow. 

0006 U.S. Pat. No. 5,198,683 further reduces the cell 
area by providing a pair of load TFTs having a vertical 
channel along with the other four regular transistors within 
a six-transistor (6T) SRAM cell. However, the vertical load 
TFTs are located in the same layer as the other four regular 
TFTS Such that the Sources and drains of the vertical load 
TFTs inevitably bent horizontally. As such, the size-reducing 
effect of this structure is relatively limited by its one-layer 
structure. U.S. Pat. No. 6,309,930 shares the same problem. 
As shown in its FIG. 4, the ends of the drain and sources 
4S/D1, 4S/D2 of the 4" transistor bent horizontally. 
0007 For a totally different purpose from reducing the 
cell size, i.e., to reduce one wiring layer, JP Pat. App. No. 
09-232447 adopts a vertical channel structure for one TFT 
So as to share the Substrate as a wiring layer between the gate 
electrode of the vertical TFT with another regular transistor 
in its FIG. 7D. Incidentally, a vertical source and a vertical 
drain are provided to work in conjunction with a vertical 
channel. The reference merely Suggests applying a pair of 
the vertical TFTs as load transistors in the same layer with 
the other four regular transistors to form a SRAM cell. 
0008 Abulk 6T SRAM cell has six transistors grown in 
a bulk Semiconductor Substrate, Such as Single crystal sili 
con. A 6T bulk SRAM cell is faster than the 4T/2R SRAM 
cell or the 6TFT SRAM cell. It is often fabricated in CMOS 
(complementary metal oxide Semiconductor) technology 
with four of the transistors being n-channel devices while 
the remaining two transistors are p-channel devices. This 6T 
configuration offerS Several advantages including operating 
at a low level of power and at a high speed. However, 6T 
SRAM cells utilizing transistors formed in a bulk substrate 
consume a large area Since the bulk transistors are formed 
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next to one another in the Substrate and are essentially in the 
Same plane. AS Such, it is difficult to fabricate the conven 
tional bulk 6T SRAM to a high density. 

0009 U.S. Pat. No. 6,204,518 B1 reduces the bulk 6T 
SRAM cell size by stacking a pair of load transistors Q3 and 
Q4 above a pair of drive transistors Q1 and Q2 as well as a 
pair of transfer transistors Q.5 and Q6. The respective circuit 
diagram and a croSS Sectional view of the Structure are 
provided in its FIG. 1. U.S. Pat. Nos. 6,271.542 B1 and 
2001/0028059 A1 take the same approach. 

0010 PCT/JP99/02505 discloses a pair of PLED devices 
to be incorporated in a flip-flop; nonvolatile 6T SRAM cell 
as in its FIG. 1. As shown in the cross sectional view of the 
PLED device in its FIG. 3, the insulation layers 708, 709, 
and 710 are provided between the source 701 and the drain 
700 to reduce the leakage current to a substantially zero 
value. The PLED device is merely designed as an external 
device to the 6T SRAM cell. 

0011 U.S. Pat. No. 6,229,161 is directed to another 
species of SRAM cells including a negative differential 
resistance (“NDR") device coupled with a NMOS transistor 
(only two elements: 1T/1R) Such that it takes less space than 
a 6T SRAM cell. In its FIG. 6, the NDR device with a thin 
vertical PNPN structure is coupled with a vertically-ar 
ranged NMOS. Since one of the drain and the source of the 
NMOS transistor are grown in the substrate, it bents hori 
Zontally. 

0012 Currently, there is a demand to further reduce the 
low-power SRAM cell size than the prior art structures so as 
to accommodate more compact cellular phones, PDAS, and 
other mobile devices. 

SUMMARY OF THE INVENTION 

0013. It is a purpose of this invention to provide small 
and low power SRAM cells in a SRAM device. 

0014. It is another purpose of this invention to provide 
64M or 128 Mbit ultra low power SRAM for cellular phone, 
and high density cache SRAM. 

0015 According to one aspect of the invention, the 
Semiconductor memory device comprises a plurality of word 
lines, a plurality of bit lines, and a plurality of Static memory 
cells each having a first, Second, third, fourth, fifth, and Sixth 
transistors. While each of channels of the first, second, third, 
and fourth transistors are formed vertical against a Substrate 
of the Semiconductor memory device. Each of Semiconduc 
tor regions forming a Source or a drain of the fifth and Sixth 
transistors forms a PN junction against the Substrate. 

0016. According to a more specific aspect of the inven 
tion, the gate electrodes of the fifth and Sixth transistors are 
coupled to the word lines, and each Source-drain path of the 
fifth and sixth transistors are coupled to the bit lines. 
Alternatively, the gate electrode of the fifth transistor is 
coupled to the drain of the Sixth transistor, the gate electrode 
of the sixth transistor is coupled to the drain of the fifth 
transistor, and each of the fifth and Sixth transistorS has the 
Same conductivity type as the first and Second transistors. 
Otherwise, the gate electrode of the fifth transistor is coupled 
to the drain of the Sixth transistor, the gate electrode of the 
sixth transistor is coupled to the drain of the fifth transistor, 
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and each of the fifth and sixth transistors has a different 
conductivity type from the first and Second transistors. 
0.017. According to a more specific aspect of the inven 
tion, the gate electrodes of the first and Second transistors are 
formed on a first layer, and the gate electrodes of the third 
and fourth transistors are formed on a Second layer. Alter 
natively, the gate electrode of the first transistor is formed on 
a first layer, the gate electrode of the Second transistor is 
formed on a Second layer, the gate electrode of the third 
transistor is formed on a third layer, and the gate electrode 
of the fourth transistor is formed on a fourth layer. 
0.018. According to a more specific aspect of the inven 
tion, a column forming the channel of the first transistor is 
covered with a gate electrode Surrounding a cylindrical 
Surface of the column with an insulating layer therebetween. 
The channels of the fifth, and sixth transistor are formed 
Vertical against the Substrate, and wherein the Substrate is 
made of Single crystal Silicon. 
0.019 According to another aspect of the invention, the 
SRAM device has a plurality of SRAM cells, at least one of 
which is a vertical SRAM cell comprising at least four 
Vertical transistors onto a Substrate, and each vertical tran 
Sistor includes a Source, a drain, and a channel therebetween 
aligning in one aligning line which penetrates into the 
Substrate Surface at an angle greater than Zero degree. 
0020. According to a more specific aspect of the inven 
tion, the angle is 90 degree. 
0021 According to a more specific aspect of the inven 
tion, the vertical SRAM cell further comprises a pair of 
resistors, a pair of horizontal transistors, or an additional pair 
of Vertical transistors. 

0022. According to a more specific aspect of the inven 
tion, the pair horizontal transistorS or the additional pair of 
Vertical transistorS operate as a pair of transfer, drive, or load 
MOS transistors, and the load transistors are PMOS tran 
sistors while the transfer and driver transistors are NMOS 
transistors. 

0023. According to a more specific aspect of the inven 
tion, the four vertical transistors are divided into two groups 
located in two different levels, and the vertical SRAM cell 
further comprises the pair of resistors or the additional pair 
of Vertical transistors, either pair is arranged in one of the 
two levels, or above, below, or in between the two levels. 
Further more, the transistors or resistors located in different 
levels are Selectively connected to each other via at least one 
Vertical interconnect which is parallel with the aligning line. 
0024. According to an even more specific aspect of the 
invention, the Vertical interconnect croSS links with at least 
one of a horizontal interconnect, a horizontal Vcc beam, and 
a horizontal Vss beam, each of which is parallel with the 
Substrate Surface. 

0.025 According to an even more specific aspect of the 
invention, the vertical interconnect penetrates through at 
least one gate electrode of the Vertical transistor with a first 
dimension and a Second dimension parallel with the Sub 
Strate Surface, and a third dimension parallel with the 
aligning line. Further more, the vertical interconnect pen 
etrates through at least two of the gate electrodes. 
0026. According to a more specific aspect of the inven 
tion, the above-mentioned at least one vertical interconnect 
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include two vertical interconnects connecting with two 
Vertical transistorS respectively thereby forming one unit 
SRAM cell thereamong in a shape of a diagonal or paral 
lelogram on a croSS Section parallel with the Substrate 
Surface. 

0027 According to a more specific aspect of the inven 
tion, the vertical SRAM cell further comprises at least one 
pair bit lines being respectively connected to at least one of 
the transistors and resistors via two vertical interconnects 
which are parallel with the aligning line, and each of the bit 
lines is connected with a plurality of bit line contacts, each 
of which is shared by two adjacent SRAM cells of the 
plurality of SRAM cells. 
0028. According to a more specific aspect of the inven 
tion, each vertical transistor further includes a gate electrode 
with a first dimension and a Second dimension parallel with 
the Substrate Surface, and a third dimension parallel with the 
aligning line. 

0029. According to another aspect of the invention, the 
SRAM device further comprises at least another vertical 
SRAM cell built above the vertical SRAM cell with a 
dielectric layer therebetween. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 The foregoing and additional features and charac 
teristics of the present invention will become more apparent 
from the following detailed description considered with 
reference to the accompanying drawings, in which like 
reference numerals designate like elements and wherein: 

0031 FIG. 1 is a circuit diagram of the first embodiment 
of the vertical SRAM cell according to the invention. 

0032 FIG. 2 is a three-dimensional (3D) perspective 
view of the structure of the first embodiment of the vertical 
SRAM cell according to the invention in FIG. 1. 

0033 FIG. 3 shows a side view of the 3D structure in 
FIG. 2 from the plane of the front end of the word line 11 
(WL). 
0034 FIG. 4 depicts a cross sectional view of the vertical 
SRAM cell taken at plane I-I of FIG. 2. 

0035 FIG. 5 depicts a cross sectional view of the first 
pair of transistors (horizontal) of the vertical SRAM cell in 
FIG. 4. 

0036 FIG. 6 depicts a cross sectional view of the second 
and third pairs of transistors (vertical) of the vertical SRAM 
cell in FIG. 4. 

0037 FIGS. 7A-D depict the sequential process of build 
ing the Second pair of transistors (vertical) of the vertical 
SRAM cell in FIG. 4. 

0038 FIGS. 8A-D shows the 3D correlation between a 
Vertical interconnect, a vertical transistor, and the gate 
electrode embedding the vertical interconnect and the Ver 
tical transistor made according to FIGS. 7A-D. 

0039 FIG. 9 shows a variation of the vertical transistor 
in FIGS. 8A-D by changing the shape of the S-C-D column 
and the Silicon dioxide gate dielectric wall of the vertical 
transistor. 
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0040 FIG. 10 schematically shows a top view of the 
vertical transistors in the layout of a plurality of SRAM cells 
of the first embodiment of FIG. 2. 

0041 FIG. 11 schematically shows a top view of the 
horizontal transistors in the layout of a plurality of SRAM 
cells of the first embodiment of FIG. 2. 

0.042 FIG. 12 schematically shows a circuit employing a 
SRAM composed of the unit SRAM cells of the first 
embodiment or its modifications of the invention. 

0043 FIG. 13 shows the modified embodiment 1-1 
modified from the first embodiment in FIG. 2. 

0044 FIG. 14 shows the modified embodiment 1-2 
modified from the first embodiment in FIG. 2. 

004.5 FIG. 15 is a circuit diagram of the second embodi 
ment of the vertical SRAM cell according to the invention; 
0046 FIG. 16 is a 3D perspective view of the structure 
of the second embodiment of the vertical SRAM cell accord 
ing to the invention in FIG. 15. 
0047 FIG. 17 shows the modified embodiment 2-1 
modified from the second embodiment in FIG. 16. 

0048 FIG. 18 shows the modified embodiment 2-2 
modified from the second embodiment in FIG. 16. 

0049 FIG. 19 shows a side view of the 3D structure in 
FIG. 20 from the plane of the front end of the word line 11 
(WL). 
0050 FIG. 20 schematically shows a top view of the 
horizontal transistors in the layout of a plurality of SRAM 
cells of the second embodiment of FIG. 16. 

0051 FIG. 21 schematically shows a top view of the first 
vertical transistor Q1 in the layout of a plurality of SRAM 
cells of the second embodiment of FIG. 16. 

0.052 FIG.22 schematically shows a top view of the first 
vertical transistor Q1 in the layout of a plurality of SRAM 
cells of the second modified embodiment of FIG. 20. 

0053 FIG. 23 is a circuit diagram of the third embodi 
ment of the vertical SRAM cell according to the invention; 
0054 FIG. 24 is a 3D perspective view of the structure 
of the third embodiment of the vertical SRAM cell accord 
ing to the invention in FIG. 23. 
0055 FIG. 25 shows a side view of the 3D structure in 
FIG. 24 from the plane of the front end of the word line 11 
(WL). 
0056 FIG. 26 shows an enlarged perspective view of Q5, 
Q6 by taking a partial perspective view of the top gate 
electrode block in FIG. 24. 

0057 FIG. 27 schematically shows a top view of the 
vertical transfer transistors Q5, Q6 in the layout of a 
plurality of SRAM cells of the third embodiment of FIG. 24. 
0.058 FIG. 28 schematically shows a common top view 
of the vertical load/drive transistors O1/O3, Q2/Q4 in the 
layout of a plurality of SRAM cells of the third embodiment 
of FIG. 24. 

0059 FIG. 29 schematically shows a top view of the 
horizontal interconnects in the layout of a plurality of 
SRAM cells of the third embodiment of FIG. 24. 
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0060 FIGS. 30A-C are fragmentary cross sections show 
ing the correlation of a SRAM cell of the third embodiment 
(FIG. 25) with a peripheral control device. 
0061 FIG. 31 is a circuit diagram of the fourth embodi 
ment of the vertical SRAM cell according to the invention; 
0062 FIG. 32 is a 3D perspective view of the structure 
of the fourth embodiment of the vertical SRAM cell accord 
ing to the invention in FIG. 31. 
0063 FIG. 33 shows a side view of the 3D structure in 
FIG. 32 from the plane of the front end of the bit lines 9, 
9(BL). 
0064 FIG. 34 schematically shows a top view of the 
horizontal transistors in the layout of a plurality of SRAM 
cells of the fourth embodiment of FIG. 32. 

0065 FIG. 35 schematically shows a top view of the 
vertical transfer transistors Q5, Q6 in the layout of a 
plurality of SRAM cells of the fourth embodiment of FIG. 
32. 

0.066 FIG. 36 schematically shows a top view of the 
vertical load transistors Q1, Q2 in the layout of a plurality 
of SRAM cells of the fourth embodiment of FIG. 32. 

0067 FIG. 37 schematically shows a top view of the 
horizontal interconnects in the layout of a plurality of 
SRAM cells of the fourth embodiment of FIG. 32. 

0068 FIG. 38 is a circuit diagram of the fifth embodi 
ment of the vertical SRAM cell according to the invention; 
0069 FIG. 39 is a 3D perspective view of the structure 
of the fifth embodiment of the vertical SRAM cell according 
to the invention in FIG. 38. 

0070 FIG. 40 shows a side view of the 3D structure in 
FIG. 39 from the plane of the front end of the word line 16 
(G/WL). 
0071 FIG. 41 shows an enlarged perspective view of Q5, 
Q6 by taking a partial perspective view of the top gate 
electrode block in FIG. 39. 

0072 FIG. 42 schematically shows a top view of the 
horizontal interconnects in the layout of a plurality of 
SRAM cells of the fifth embodiment of FIG. 39. 

0073 FIG. 43 schematically shows a top view of the 
horizontal transistors in the layout of a plurality of SRAM 
cells of the fifth embodiment of FIG. 39. 

0074 FIG. 44 schematically shows a top view of the four 
vertical transfer transistors Q3, Q4, Q5, Q6 in the layout of 
a plurality of SRAM cells of the fifth embodiment of FIG. 
39. 

0075 FIG. 45 shows the modified embodiment 5-1 
modified from the fifth embodiment in FIG. 39. 

0.076 FIG. 46 schematically shows a top view of the four 
vertical transfer transistors Q3, Q4, Q5, Q6 in the layout of 
a plurality of SRAM cells of the fifth embodiment of FIG. 
39. 

0.077 FIG. 47 is a 3D perspective view of the structure 
of the sixth embodiment of the vertical SRAM cell accord 
ing to the invention. 
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0078 FIG. 48 shows a side view of the 3D structure in 
FIG. 47 from the plane of the front end of the word line 16 
(G/WL). 
007.9 FIG. 49 schematically shows a top view of the 
horizontal interconnects in the layout of a plurality of 
SRAM cells of the Sixth embodiment of FIG. 47. 

0080 FIG. 50 schematically shows a top view of the 
horizontal transistors in the layout of a plurality of SRAM 
cells of the Sixth embodiment of FIG. 47. 

0081 FIG. 51 schematically shows a top view of the four 
vertical transfer transistors Q3, Q4, Q5, Q6 in the layout of 
a plurality of SRAM cells of the sixth embodiment of FIG. 
47. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0082 In order to more clearly and concisely describe the 
Subject matter of the claims, the following definitions are 
intended to provide guidance as to the meanings of Specific 
terms used in the following written description. Also it is to 
be understood that the phraseology or terminology 
employed herein is for the purpose of description and not of 
limitation. AS used herein 

0.083 A vertical transistor built onto a substrate or an 
insulation layer includes a Source, a drain, and a channel 
therebetween aligning in one aligning line which penetrates 
into the Substrate Surface at an angle greater than Zero 
degree. In other word, it does not have to be vertical to the 
ground Surface or any Substrate Surface. The end of the 
Source or the drain of a vertical SRAM cell may deviate 
from the aligning line for any design consideration. Prefer 
ably, the gate electrode of the Vertical transistor has a first 
dimension and a Second dimension parallel with the Sub 
Strate Surface, and a third dimension parallel with the 
aligning line. However, Such a dimensional arrangement is 
also Subject to change for any design consideration. The 
vertical transistor may be a bulk transistor, a TFT, or the like. 
0084) “A vertical SRAM cell includes at least four of the 
vertical transistors. For example, a 6T SRAM cell may 
includes a pair of traditional transistors (horizontal) or 
another pair of vertical transistors. A 4T/2R SRAM includes 
a pair of resistors. By analogy, other Species of SRAM 
adopted at least four vertical transistors are intended in the 
invention. 

0085 A vertical SRAM device includes at least one 
vertical SRAM cell. 

0.086 A vertical interconnect is an interconnect in the 
vertical SRAM cell for connecting between transistors, 
resistors, Voltage lines, word lines, or bit lines in a direction 
generally aligning with the aligning line. In other word, it 
does not have to be vertical to the ground Surface or any 
Substrate Surface. 

0.087 A horizontal transistor is grown onto a substrate 
or an insulation layer according to the prior art which 
includes a pair of P-N junctions against the Substrate. In 
other word, it does not have to be parallel with the ground 
Surface or any Substrate Surface. 
0088 Ahorizontal interconnect is an interconnect in the 
Vertical transistors with a connecting direction generally 
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perpendicular to the aligning line. In other word, it does not 
have to be parallel with the ground Surface or any Substrate 
Surface. 

First Embodiment 

0089 Referring to the circuit diagram in FIG. 1, a 6T 
vertical SRAM according to a first embodiment of the 
invention includes two load PMOS transistors Q1 and O2 
and two drive NMOS transistors Q3 and Q4 which are 
formed above two transfer NMOS transistors Q5 and Q6 
made in the crystal Si wafer substrate. The positions of the 
load MOSs and the drive MOSs can be switched as long as 
the transfer MOSs stay at the bottom (in the substrate). 
NODE A connects the Sources of the load transistor O2, the 
drive transistor Q4, and the transfer transistor Q5, as well as 
the gate electrodes of the load transistor Q1 and the drive 
transistor Q3. NODE B connects the Sources of the load 
transistor Q1, the drive transistor Q3, and the transfer 
transistor Q6, as well as the gate electrodes of the load 
transistor O2 and the drive transistor Q4. As shown in the 3D 
diagram of the first embodiment (FIG. 2), Q1 includes a 
Source 8, a gate electrode 2, and a drain 7. Q2 includes a 
Source 8', a gate electrode 2', and a drain 7". Q3 includes a 
Source 6, a gate electrode 1, and a drain 5. Q4 includes a 
Source 6', a gate electrode 1' and a drain 5". The Source and 
the drain of each vertical transistor in the invention have 
generally uniform characteristics Such that they can be 
Swapped without affecting the performance of the relevant 
vertical transistor. Q5, Q6 (not shown) are constructed 
underneath the structure shown in FIG. 2. 

0090 All the building blocks in the 3D drawings of the 
Specification are simplified as beams, columns, bricks, 
boards, Sticks, Straps, etc., which shapes are only Suggestive 
rather than restrictive, and they could become irregular 
during the Semiconductor manufacturing process. In addi 
tion, the dimensions of the building blockS may be extended 
so as to be connected to building blocks of other SRAM cells 
or for other deign purposes. Further more, the orientations of 
the building blocks are generally arranged as (1) either 
vertical or horizontal, and (2) aligning with one another in 
parallel or crossing at 45, 60, or 90 degrees for Simplifica 
tion, which may be deviated for any design consideration or 
manufacturing limitation. 

0091) A pair of bit lines 9 (true), 9" (bar), a pair of bit line 
contacts 10, 10", and a word line 11 are built above the 
horizontal transistors. Each of the transfer transistors Q5 and 
Q6 includes an active region. Above the drive transistors Q3 
and Q4 are two horizontal interconnect beams 3 & 3' buried 
in an inter-layer insulating film. The horizontal interconnect 
beam 3' connects O2, Q4 to the vertical interconnect column 
4, and the horizontal interconnect beam 3 connect O1, Q3 to 
the Vertical interconnect column 4'. Q1, Q2 are connected to 
Vcc beams 12, 12" respectively, and Q3, Q4 are connected 
to VSS beams 13, 13' respectively. FIG. 3 shows a side view 
of the structure in FIG. 2 looking from the plane of the front 
end of the word line 11 (WL). Thus, high integration and 
low-drive-voltage operation become possible. 

0092. The six transistors of the invention can be either 
bulk MOS transistors, or TFTs. The six transistors preferably 
are four n-channel devices and two p-channel devices, but 
may also be four p-channel devices and two n-channel 
devices enabling the SRAM to be fabricated in either NMOS 
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or PMOS technology. Alternatively, the MOS (metal-oxide 
semiconductor) transistors may be substituted by MIS 
(metal-insulator-Semiconductor) transistors. The two regular 
(horizontal) transistors formed in the substrate preferably 
function as transfer elements. The dopant concentrations are 
Set according to any design consideration entertained by one 
skilled in the art. A disadvantage with implementing a 
vertical SRAM design is that fabrication complexity is 
increased in comparison to a conventional 6TSRAM cell as 
a result of the additional horizontal and the vertical inter 
COnnectS. 

0093. The process flow of the first embodiment is 
explained below as an example of this invention. The other 
embodiments of the invention can be implemented on an 
area of different Size using a similar manufacturing process. 
The fabrication of this cell structure is based on existing 
CMOS technology with additional epitaxial growth steps to 
build the vertical transistors, and this proceSS can be similar 
to conventional DRAM capacitor Stacking techniques with 
the capacitor being replaced by the Vertical transistors. 
0094) The cross sectional view of the vertical SRAM cell 
in FIG. 2 taken at plane I-I is shown in FIG. 4 (two adjacent 
SRAM cells are shown). The process for manufacturing the 
vertical SRAM cell starts with growing the two horizontal 
NMOS transistors Q5, Q6 on a silicon Substrate 21, building 
two vertical PMOS transistors Q3, Q4 on the top of Q5, Q6, 
then applying the same steps to stack two vertical NMOS 
transistors Q1, Q2 on the top of Q3, Q4. In the following 
discussion, 32 denotes a tungsten layer or plug, 33 denotes 
a barrier metal, 34 denotes an interlayer dielectric layer, 35 
denotes a silicon nitride (p-SiN) layer, 36 denotes silicon 
dioxide gate dielectric of a vertical transistor, 37 denotes a 
poly-Silicon gate region or electrode of a vertical transistor, 
38 denotes a poly-Silicon Source region of a vertical tran 
Sistor, 39 denotes a poly-Silicon drain region of a vertical 
transistor, and 40 denotes a poly-Silicon channel region of a 
Vertical transistor. A dash and a number is attached to the 
above numbers to represent different layers of the same 
material in the SRAM cell. The relative dimensions of the 
components are generally in proportion to FIG. 4. 
0.095 As shown in the cross sectional view of the first 
pair of transistors of the vertical SRAM cell of FIG. 5, the 
two NMOS horizontal transistors Q5, O6 are formed with 
the traditional method by etching two holes on the p-type 
Silicon Substrate 21, depositing a linear Silicon dioxide 
(diffusion barrier) 22 according to a STI LOCUS (Local 
Oxidization of Silicon) method, then filling the holes with a 
gap fill Silicon dioxide 23. Then a thin gate Silicon dioxide 
film 28 is generated by thermal oxidation. A poly-Silicon 
gate electrode 29 is thermally and integrally formed with a 
word line WL. The gate electrode 29 (word line WL) may 
be constituted of a two-layer conductor film comprising a 
low resistance polysilicon film doped with an n-type impu 
rity (e.g. P (phosphorus)) and a W silicide (WSi) film, or a 
three-layer conductor film wherein a low resistance poly 
silicon film, a TiN (titanium nitride) film and a W film are 
built up in Sequence. A shallow Source region 24 and a 
shallow drain region 25 are formed by ion-implanting impu 
rity into the Substrate 21, and a deep Source region 26 and 
a deep drain region 27 are also ion-implanted into the 
Substrate 21. 

0.096 Asilicon nitride film 31, a first interlayer dielectric 
34-1, and a silicon nitride 35-1 are deposited by a CVD 
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method over the gate electrode 29 in Sequence. Then through 
anisotroic etching via photoresist masks into the three layers 
31, 34-1, and 35-1 to form a side wall spacer next to the gate 
electrode 29 as well as four connection holes. The insulating 
film 31 may be constituted of a silicon oxide film in place of 
the Silicon nitride film. A first Set of tungsten plugs 32-1 is 
deposited by Sputtering inside the connection holes after the 
deposition of a first barrier metal 33-1. Al alloy may be used 
in place of tungsten. 

0097. A second interlayer dielectric 34-2 is deposited by 
a CVD method. Then through anisotroic etching via a 
photoresist mask into the Second interlayer dielectric 34-2, 
a first pair of BL contact holes are formed. A Second barrier 
metal 33-2, a Second tungsten layer 32-2 are deposited in 
sequence by a CVD method over the surface and into the 
pair of bit lines contact holes. Then the layers 33-2 and 32-2 
are etched back to an even level with the Surface of the 
second interlayer dielectric 34-2. Then a third barrier metal 
33-3 and a tungsten layer32BL are deposited in sequence by 
a CVD method over the surface. Then through anisotroic 
etching via photoresist masks into the 33-3, 32BL layers, a 
pair of BL beams are formed. The second interlayer dielec 
tric 34-2 is again deposited over the Surface and into the 
space between the BL beams. Then the second interlayer 
dielectric 34-2 is etched back to a even level with the top of 
the BL beams: Accordingly, a pair of BL beams alternate 
with the interlayer dielectric beams 34-2 on the surface. 
Meanwhile, a pair of BL contacts (10, 10') are formed to 
connect one of the tungsten plug 32-1 to one of the BL 
beams. 

0098. A silicon nitride 35-2 is deposited by a CVD 
method. Then through anisotroic etching via a mask into the 
two layers 34-2, 35-2 (area between the 32BL beams) to 
form a pair of vertical interconnect holes (to be connected 
via corresponding vertical interconnects to the to-be-built 
vertical transistors Q1, Q2, Q3, or Q4). A first pair of 
tungsten vertical interconnect 32VIC-1 are deposited by 
Sputtering inside the connection holes after the deposition of 
a third barrier metal 33-3. 

0099. By looking down from a plane II'-II" in FIG. 3, 
FIG. 11 schematically shows the top view of the horizontal 
transistors in the layout of a plurality of SRAM cells of the 
first embodiment of FIG. 2. In particular, 44 & 44' denotes 
two active regions of the a pair of horizontal transistorS Q5, 
Q6. Such a configuration allows the active regions of regular 
transistors extending along a line interSecting with the word 
lines and the bit lines at an angle other than 90 degree or 180 
degree. 45 denotes an area for the unit cell of the first 
embodiment in FIG. 2. As shown in FIG. 4, one first pair of 
the vertical interconnects 32-1, 32VIC-1 connect the drains 
of Q5, O6 to Q3, Q4.32-1,32VIC-1 do not have to be 100% 
aligned with 4 & 4 in consideration of alignment margins 
and other design needs. 

0100 Next, the two vertical NMOS transistors Q3, Q4 
shown as the bottom portion of FIG. 6 are built on the top 
of the horizontal transistors Q5, Q6 of FIG. 4 according to 
the steps depicted in FIGS. 7A-D. Referring now to FIG. 
7A, a fourth barrier metal 33-4, a fourth tungsten layer 32-4, 
and a fifth barrier metal 33-5 are deposited in sequence by 
a CVD method. Then through anisotroic etching via photo 
resist masks into the above-mentioned layers, Some valleys 
are formed. A third interlayer dielectric 34-3 is deposited on 
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the whole Surface, including the Valleys, then etched back to 
a even level with the fifth barrier metal 33-5 to form a pair 
of Voltage beams VSS alternating with the interlayer dielec 
tric beams 34-3. 

0101 Referring next to FIG. 7B, the vertical Source 
Channel-Drain columns (S-C-D) of the PMOS transistors 
Q3, Q4 are formed as follows. A first poly-silicon source 
layer 38-1 (doped with an n-type impurity, ex. P. As), a first 
poly-Silicon channel layer 40-1 (doped with an p-type impu 
rity, ex. B, BF), and a first poly-silicon drain layer 39-1 
(doped with an n-type impurity, ex. P, AS) are deposited in 
sequence by a CVD method. It is also possible to form the 
first poly-silicon Source layer 38-1, the first poly-silicon 
channel layer 40-1, and the first poly-silicon drain layer 39-1 
by ion-implanting. A first mask layer (completely removed 
later so it is not shown in the final structure of FIG. 7B) is 
deposited on the Surface, then etched away via a first mask 
to form a pair of first mask caps 41. The first mask caps 41 
then are used as a mask for etching into the three poly 
silicon layers 38-1, 40-1, 39-1 into two S-C-D columns. A 
first gate Silicon dioxide dielectric layer 36-1 is then depos 
ited all over the Surface, including the top, and Sides of the 
S-C-D columns. 

0102 Referring to FIG. 7C, a gate electrode interlayer 
dielectric 34-4 is deposited on the whole surface then etched 
back to a even level right above the first mask caps 41. A 
Second mask layer (completely removed later So it is not 
shown in the final structure of FIG. 7C) is deposited on the 
Surface then etched via a Second mask to form a pair of 
Second mask caps (not shown). The Second mask caps then 
are used as a mask for etching the gate electrode interlayer 
dielectric 34-4 into a pair of gate dielectric columns 34-4. 
Then a gate electrode poly-silicon 37-1 is deposited on the 
whole surface then etched back to a even level with the tops 
of the S-C-D columns. By this step, the gate silicon dioxide 
dielectric layer 36-1 on the tops of the S-C-D columns and 
the Second mask caps are completely removed, while the 
first mask caps 41 remain. 
0103) The first mask caps 41 then are again used as a 
mask for etching back a thin layer from the gate electrode 
poly-silicon 37-1 and the gate dielectric columns 34-4. And 
the gate electrode interlayer dielectric 34-4 is again depos 
ited on the whole Surface then etched back to a even level 
right above the first mask caps 41. AS Such, the gate 
electrode poly-silicon 37-1 is surrounded by the gate dielec 
tric 34-4 except at the Surfaces facing the gate Silicon 
dioxide dielectric 36-1. Then the first mask caps 41 are 
removed by etching onto the top of the S-C-D columns. 
0104. A sixth barrier metal 33-6 and a tungsten layer 
32HIC (horizontal interconnect) are deposited in Sequence 
by a CVD method. The tungsten layer 32HIC is etched back 
to a even Surface, then the seven barrier metal 33-7 is 
deposited all over the Surface. Then through anisotroic 
etching via a photoresist mask into the three layers 33-6, 
32HIC, and 33-7 to form a horizontal interconnect between 
one S-C-D column. Then the gate electrode interlayer 
dielectric 34-4 is deposited for the third time on the whole 
Surface then etched back to a even level right above the 
Seventh barrier metal 33-7. 

0105 Referring to FIG. 7D, a third mask layer (com 
pletely removed later So it is not shown in the final Structure 
of FIG. 7D) is deposited on the surface, then etched away 
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via a third mask to form a pair of third mask caps (not 
shown). The third mask caps then are used as a mask for 
etching through all the layers in the FIG. 7C into two 
vertical interconnect holes. An eighth barrier metal 33-8, a 
tungsten layer 32VIC-2 (vertical interconnect) are then 
deposited all over the surface and filled insides the vertical 
interconnect holes. The third mask caps are then removed. 
AS Such, the two vertical NMOS transistors Q3, Q4 are 
completed. 

0106 To look at the processing from a 3D perspective by 
taking FIG. 2 at a partial cross-section plane II-II, FIG. 8A 
shows an enlarged croSS-Sectional view of Q4 and the 
vertical interconnect 4" (or tungsten 32VIC-2). As men 
tioned, Q4 includes a Source 6' (or poly-Silicon 38-1), a gate 
electrode 1" (or poly-silicon 37-1), and a drain 5 (or poly 
silicon 39-1). In particular, the silicon dioxide gate dielectric 
wall 36-1 is cylindrical. FIG. 8B shows a 3D perspective 
view of the structure in FIG. 8A, and FIG. 8C shows a top 
view of the structure in FIG. 8A. By looking at FIG. 2 from 
a partial cross-section plane III-III, FIG. 8D shows an 
enlarged side view of the gate electrode block 1" embedded 
with the S-C-D column of Q4 and a vertical interconnect 
column 4. 

0107 FIG. 9 shows a variation of the vertical transistor 
in FIGS. 8A-D by changing the shape of the S-C-D column 
and the silicon dioxide gate dielectric wall 36-1 from 
cylindrical to Square. In addition, the Silicon dioxide gate 
dielectric wall 36-1 is no longer wrapping all sides of the 
S-C-D column, but only three sides. In another variation, the 
gate electrode block in FIGS. 8A-D is condensed in to a 
cylindrical wall wrapping over the Silicon dioxide gate 
dielectric wall 36-1 and Surrounded by one insulation mate 
rial. 

0108 Finally, the two vertical PMOS transistors Q1, Q2 
(Sources and drains doped with an n-type impurity, ex. P, AS 
and a channel doped with an p-type-impurity, ex. B., BF) are 
deposited in sequence by a CVD method shown in the top 
portion of FIG. 6 are built on the top of the vertical NMOS 
transistors Q3, Q4 of FIG. 7 with steps similar to those 
described above, except Substituting the tungsten layer 
32HIC (horizontal interconnect) with a pair of tungsten 
beams 32-4 (Vcc). 
0109). By looking down from a plane I'-I" in FIG.3, FIG. 
10 schematically shows the top view of the vertical transis 
tors in the layout of a plurality of SRAM cells of the first 
embodiment of FIG. 2. In particular, the shape of a unit cell 
of the vertical transistors (parallelogram) in FIG. 10 is 
different from the shape of the unit cell of the horizontal 
transistors in FIG. 11.46 & 46" denote the positions of a pair 
of Vertical transistorS Q1, Q2 Stacking on the top of another 
pair of vertical transistors Q3, Q4. 47 & 47' denote the 
positions of the pair of gate electrodes 2, 2 Stacking on the 
top of another pair of gate electrodes 1 & 1'. Any Such 
Stacking does not have to be precise due to alignment 
margins or any other design consideration. 49 & 49' denote 
the positions of the pair of Vcc beams Stacking on the top of 
the pair of Vss beams, which are shared by a plurality of 
SRAM cells. By arranging one unit cell head to head with 
another unit cell, the two unit cells share VSS and Vcc. 3 & 
3' denote the pair of horizontal interconnects. 4 and 4 denote 
the pair of Vertical interconnects built at one Step or two 
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Separate Steps as described above. In particular, the 4 and 4 
in FIG. 10 overlap (stack directly on top of) the 4 and 4 in 
FIG. 11. 

0110. There are many conceivable variations of the just 
described manufacturing method. For example, masks and 
layers made of SiO2 can be produced by means of a 
deposition proceSS or by means of thermal oxidation. Poly 
Silicon can be doped not only during but also after the 
deposition. 

0111. In addition, the first embodiment can be easily 
modified by shifting around the levels, the building blocks, 
or their portions. For example, the whole level of Q1, Q2, 
and Vcc may be switched with the level of Q3, Q4, and Vss. 
As shown in FIG. 13, a modified embodiment 1-1 chops off 
the top portion of the vertical interconnects 4, 4' in FIG. 2 
from the gate electrodes 2, 2' So as to reduce the manufac 
turing difficulty associated with long plugs. According to 
FIG. 14, another modified embodiment 1-2 has a separate 
pair of horizontal interconnects 3,3' for Q3, Q4 (rather than 
shared between Q1, Q3 and Q2, Q4) so as to reduce any 
undesired interference between Q1 and Q3 as well as O2 and 
Q4. In addition, Vss beams are moved up between Q1 and 
Q3 as well as Q2 and Q4 respectively. Therefore, the 
channel direction (S->D) of Q3, Q4 is reversed to be 
consistent with the channel direction of Q1, Q2. Alterna 
tively, the top portion of the Vertical interconnects 4, 4' in 
FIG. 14 can also be chopped off from the gate electrodes 2, 
2' So as to reduce the manufacturing difficulty associated 
with long plugs. 
0112 Alternatively, as discussed later in the seventh 
embodiment, the load transistors Q5, Q6 may be eliminated 
from the first embodiment. Because the effective area occu 
pied by the SRAM cell is reduced in all the modifications, 
the area of the Semiconductor Substrate 21 can also be 
reduced thereby increasing the number of cells manufac 
tured in one wafer. 

0113 FIG. 12 schematically shows a circuit employing a 
SRAM matrix 50 including a plurality of the unit SRAM 
cells of the first embodiment or its modifications according 
to the invention. The circuit includes a column 17051, a 
column decoder 52, a row decoder 53, an input data control 
54, a control logic 55, a column address buffer 56, and a row 
address buffer 57. The vertical transistors can be applied not 
only in the SRAM matrix 50, but also in all other peripheral 
devices, Such as the column decoder 52, to reduce the 
required Surface area on the wafer So as to reduce the size of 
the device and the whole circuit. 

Second Embodiment 

0114) Referring to the circuit diagram in FIG. 15, a 6T 
vertical SRAM according to a second embodiment of the 
invention includes two load PMOS transistors Q1 and O2 
and two drive NMOS transistors Q3 and Q4 located in four 
different levels above two transfer NMOS transistors Q5 and 
Q6 made in the Substrate. The levels of the load MOSs and 
the drive MOSs can be switched as long as the transfer 
MOSs stay at the bottom (in the substrate). As shown in the 
3D diagram of the second embodiment (FIG. 16), Q1 
includes a Source 8, a gate electrode 2, and a drain 7. Q2 
includes a Source 8', a gate electrode 2', and a drain 7". Q3 
includes a Source 6, a gate electrode 1, and a drain 5. Q4 
includes a Source 6', a gate electrode 1", and a drain 5". Q5, 
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Q6 (not shown) are constructed underneath the structure 
shown in FIG. 16. A pair of bit lines 9, 9', a pair of bit line 
contacts 10, 10", and a word line 11 are built above the 
horizontal transistors. Each of the transfer transistors Q5 and 
Q6 includes an active region. 
0.115. Above the transistors Q1 and Q3 are two horizontal 
interconnect beams 3 & 3"geneally parallel with the gate 
electrodes 2" of O2, 1" of Q4, which connect O1, Q3 to the 
Vertical interconnect column 4 respectively. Below the tran 
sistors O2 and Q4 are two horizontal interconnect beams 3 
& 3"geneally parallel with the gate electrodes 2 of Q1, 1 of 
O3, which connect O2, Q4 to the vertical interconnect 
column 4' respectively. Q1, Q2 are connected to one Vcc 
beams 12, and Q3, Q4 are connected to one VSS beam 13, 
respectively. Thus, high integration and low-drive-voltage 
operation become possible. The required area on the Sub 
strate has reduced to about% of that in the first embodiment, 
and the number of Vcc, VSS beams is reduced to a half than 
the first embodiment due to this sharing feature. However, 
the number of horizontal interconnects and the length of the 
Vertical interconnects are doubled. 

0116. The second embodiment can also be easily modi 
fied by shifting around the levels, the building blocks or their 
portions. As shown in FIG. 17, a modified embodiment 2-1 
chops off the top portion of the Vertical interconnects 4,4' in 
FIG. 16 from the gate electrode 2 so as to reduce the 
manufacturing difficulty associated with long plugs. Alter 
natively, as discussed later in the Seventh embodiment, the 
load transistors Q5, Q6 may be eliminated from the second 
embodiment. 

0117 Referring to FIG. 18, a modified embodiment 2-2 
has a shared horizontal interconnect between O2 and Q3. 
Accordingly, the total number of horizontal interconnects 
per cell is reduced from four in FIG. 19 to three. As a result, 
the orientations of the gate electrode blocks of Q1, Q2 are 
Swapped Such that the horizontal interconnects 3 and 3' in 
FIG. 17 are aligned in FIG. 20 so as to be combined into one 
horizontal interconnect 3. FIG. 19 shows the side view of 
the 3D structure in FIG. 18 from the plane of the front end 
of the word line 11 (WL). 
0118. By looking down from a plane I'-I' in FIG. 19, 
FIG. 20 schematically shows the top view of the horizontal 
transistors in the layout of a plurality of SRAM cells of the 
second embodiment of FIG. 18. In particular, 44 denotes an 
active region of one of the horizontal transistors Q5, Q6. The 
bit line contact 10 connects on of the drains of Q5, O6 to one 
BL beam. By arranging the unit cell 45-1 back to back with 
the unit cell 45-2, the two unit cells share bit line contacts. 
On the other hand, each of the SRAM cell 45-1 and the 
SRAM cell 45-2 in the first embodiment connects to respec 
tive bit line contacts (FIG. 11). As such, the number of bit 
line contacts in the Second embodiment is reduced to half of 
the number of the first embodiment. 

0119). By looking down from a plane II'-II in FIG. 19, 
FIG. 21 schematically shows the top view of the first 
vertical transistor Q1 in the layout of a plurality of SRAM 
cells of the second embodiment of FIG. 18. In particular, the 
shape of a unit cell of the horizontal transistors (parallelo 
gram) in FIG. 20 is different from the shape of the unit cell 
of the vertical transistors in FIG. 21. 46 denotes the vertical 
transistor Q1 (Stacking on the top of other three vertical 
transistors Q2, Q3, Q4). 47 denotes the gate electrode 2 right 
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above another gate electrode 1", and 48 denotes the hori 
Zontal interconnect3 which is right above another horizontal 
interconnect 3' with two gate electrodes 2', 1 located ther 
ebetween. 49 denotes the single Vcc beam right on the top 
of the single Vss beam, which are shared by a plurality of 
SRAM cells. Any Such Stacking or topping is not precise due 
to alignment margins or any other design consideration. AS 
in the first embodiment in FIG. 10, by arranging the unit cell 
45-1 head to head with the unit cell 45-2 in 22, the two unit 
cells share VSS and Vcc. 

0120 Similar to FIG. 21, FIG.22 schematically shows 
the top view of the first vertical transistor Q1 in the layout 
of a plurality of SRAM cells of the second modified embodi 
ment of FIG. 18. 47 and 48 also denote the gate electrode 
2 and the horizontal interconnect 3, but the gate electrode 2 
is placed under the horizontal interconnect 3 in FIG. 22, 
rather than above the horizontal interconnect 3 in FIG. 21. 
0121 Because the effective area occupied by the SRAM 
is reduced in all the modifications, the required area of the 
Semiconductor Substrate can also be reduced, allowing the 
number of cells manufactured in one wafer to be increased. 
The process flow of the second embodiment is similar to the 
one of the first embodiment and easily to be figured out by 
one skilled in the art. 

Third Embodiment 

0122) The third embodiment can be obtained by taking 
away the substrate from the first embodiment, namely, by 
substituting the two regular transistors Q5, Q6 with a third 
pair of vertical transistors Q5, Q6. Referring to the circuit 
diagram in FIG. 23, a 6T vertical SRAM according to a third 
embodiment of the invention further moves the transfer 
transistors Q5, Q6 of the first embodiment to the top of the 
two load PMOS transistors Q1 and O2 and the two drive 
NMOS transistors Q3 and Q4. As shown in the 3D diagram 
of the third embodiment (FIG. 24). The levels of the load 
MOSs and the drive MOSs can be switched as long as the 
transfer MOSs stay within a shared gate electrode block. In 
fact, the whole 3D structure in FIG. 24 can even be built 
upside down Q1 includes a Source 6, a gate electrode 1, and 
a drain 5. Q2 includes a Source 6', a gate electrode 1", and a 
drain 5". Q3 includes a Source 8, a gate electrode 2, and a 
drain 7. Q4 includes a Source 8', a gate electrode 2', and a 
drain 7". Q5 includes a Source 6, a gate electrode 1, and a 
drain 5. Q6 includes a Source 6', a gate electrode 1, and a 
drain 5". In particular, Q5, Q6 are directly stack on the tops 
of pair of vertical interconnects 4, 4'. The block 1 is 
embedded with the gate electrodes of Q5, Q6, and the word 
line 11 (shared gate/WL). A pair of bit lines 9,9" are moved 
to the top to be directly connected with Q5, Q6 Such that no 
bit line contact is necessary. FIG. 25 shown a side view of 
the structure in FIG. 24 looking from the plane of the front 
end of the bit lines 9,9'(BL). The unit cell is made only with 
vertical MOSFETS over the Si Substrate. 

0123. Above the drive transistors Q3 and Q4 are two 
horizontal interconnect beams 3 & 3' buried in an inter-layer 
insulating film. The horizontal interconnect beam 3 connects 
O2, Q4 to the vertical interconnect column 4, and the 
horizontal interconnect beam 3' connect Q1, Q3 to the 
Vertical interconnect column 4. Q1, Q2 are connected to one 
shared Vcc beam 12, and Q3, Q4 are connected to one 
shared Vss beam 13. The single Vss beam right above the 
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single Vcc beam is shared by a plurality of SRAM cells. 
Thus, high integration and low-drive-voltage operation 
become possible. The third embodiment has a smaller unit 
cell size than the first embodiment since its vertical Q5, O6 
take less space than the horizontal Q5, Q6 in the first 
embodiment. The third embodiment also has a lower unit 
cell height than the Second embodiment due to its three 
levels (rather than four levels) vertical structure. 
0.124 Taking a partial perspective view of the top gate 
electrode block in FIG. 24, FIG. 26 shows an enlarged 
perspective view of Q5, Q6 embedded in two diagonal 
corners of the gate electrode block 20 (or 1). AS mentioned 
in the first embodiment, the Silicon dioxide gate dielectric 
wall 18 of Q5, Q6 are both cylindrical. And the gate 
electrode block 1 is embedded with Q5 and Q6. The 
shared-gate-electrode feature is applicable only for a pair of 
transfer transistors (but not a pair of load or drive transis 
tors). 
0125 By looking down from a plane I'-I" in FIG. 25, 
FIG. 27 schematically shows the top view of the vertical 
transfer transistors Q5, Q6 in the layout of a plurality of 
SRAM cells of the third embodiment of FIG. 24. In par 
ticular, 46 denotes one of the vertical transistors Q5, O6 
Stacking on the tops of the vertical interconnects 4, 4, 16 
denotes a long block Structure embedded with a plurality of 
blocks 1 which is embedded with the gate electrodes of Q5, 
Q6, and the word line 11.45 denotes an area for the unit cell 
of the second embodiment in FIG. 24. 

0126. By looking down from a plane II'-II" in FIG. 25, 
FIG. 28 schematically shows the common top view of the 
vertical load/drive transistors Q1/Q3, Q2/Q4 in the layout of 
a plurality of SRAM cells of the third embodiment of FIG. 
24. In particular, 46 denotes the vertical transistor Q2 
Stacking on the top of another vertical transistor Q4 rather 
than any the vertical interconnect. 47 denoted the gate 
electrode 1" of Q2 which is above the gate electrode 2" of Q4. 
45 denotes an area for the unit cell of the third embodiment 
in FIG. 24. By arranging the unit cell 45-1 head to head with 
the unit cell 45-2, the two unit cells share VSS and Vcc. On 
the other hand, by arranging the unit cell 45-1 parallel with 
the unit cell 45-3, the two unit cells do not share VSS and 
Vcc. Any Such Stacking or topping is not precise due to 
alignment margins or any other design consideration. 

0127. The layout of the third embodiment in FIG. 28 has 
a pair of Vertical transistorS Set at two diagonal corners of a 
Square and a pair of Vertical interconnects Set at the other 
two diagonal corners of the Square. On the other hand, the 
corresponding layout of the first embodiment if FIG. 10 has 
a pair of Vertical transistorS Set at two diagonal corners of a 
parallelogram and a pair of Vertical interconnects Set at the 
other two diagonal corners of the parallelogram. The corre 
sponding layout of the second embodiment if FIG. 21 has 
one vertical transistor Set at one corner of a triangle and a 
pair of Vertical interconnects Set at the other two corners of 
the triangles. 

0128 By looking down from a plane III'-III' in FIG. 25, 
FIG. 29 schematically shows the top view of the horizontal 
interconnects in the layout of a plurality of SRAM cells of 
the third embodiment of FIG. 24. The interconnect 3 is 
perpendicular to the position of gate electrodes of the 
drive/load transistors 47 in FIG. 28. The shape of a unit cell 
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of the vertical transistors (square) in FIG. 28 is he same as 
the shape of the unit cell of the horizontal interconnects in 
FIG. 29. 

0129. The vertical SRAM cell of the third embodiment is 
made only with vertical MOSFETs over the substrate of Si 
or polysilicon. The properties of the vertical MOSFETs with 
the Si Substrate is different from those on a polysilicon 
substrate. The Si Substrate is preferred so as to provide better 
mobility and leSS leakage current. 
0130. The third embodiment can also be easily modified 
by shifting around the levels, the building blocks or their 
portions. For example, the whole level of Q1, Q2, and Vcc 
may be switched with the level of Q3, Q4, and Vss. 
Alternatively, as discussed later in the Seventh embodiment, 
the load transistors Q5, Q6 may be eliminated from the third 
embodiment. 

0131 The third embodiment can also be applied in the 
SRAM matrix 50 in FIG. 12, which uses the SRAM matrix 
50 as the main memory. The process flow of the third 
embodiment is similar to the one of the first embodiment and 
easily to be figured out by one skilled in the art. Due to the 
no-Substrate nature of the third embodiment, it can be 
arranged differently with respect to peripheral control 
devices from the first and Second embodiments. 

0132 FIGS. 30A, 30B are fragmentary cross sections 
showing a SRAM cell of the third embodiment (FIG.25) 
along with a peripheral control device (ex. the decoder 52). 
The decoder 52 is an example of any peripheral circuit 
device other than another SRAM cell according to the 
invention. The decoder 52 is grown according to the tradi 
tional method in the Substrate thus it includes one horizontal 
MOSFET with a gate electrode 60, source/drain regions 61, 
ad a shallow trench isolation 62. In FIG. 30A, the vertical 
SRAM cell is built directly on the top of the substrate. In 
contrast, the vertical SRAM cell of FIG. 30B is built inside 
a trench which is obtained via the same SIT process as the 
shallow trench isolation 62. As such, the wiring between the 
vertical SRAM cell of FIG. 30B and the decoder 52 is 
Shorter and easier to make then the arrangement in FIG. 
30A. In other words, the vertical SRAM cell can be built 
either on the Substrate Surface or in a trench on the Substrate 
Surface. 

0133) Alternatively, the vertical SRAM cell of the third 
embodiment can be built directly on top of the peripheral 
horizontal MOSFET grown in the substrate as shown in 
FIG. 30C. As such, the connection wire is significantly 
Shortened, and the required area is also significantly 
reduced. 

0134. As mentioned in the discussion of the first embodi 
ment, any peripheral control devices can also be built with 
vertical transistors. As shown in FIG. 30C, another decoder 
53 includes a peripheral straight vertical MOSFET (without 
using the Silicon Substrate), which include a gate electrode 
63, a source 64 and a drain 65. Since the peripheral vertical 
MOSFET is also built on top of the Si or poly-silicon 
substrate, the decoder 53 is easily connected with the 
vertical SRAM cell of the third embodiment with a wire 66 
on the Substrate. 

0135) In addition, the Si Substrate in FIG. 30A can be 
substituted by a dielectric layer 69 such that the vertical 
SRAM cell built on the dielectric layer 69 in FIG. 30C is 
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placed on top of the vertical SRAM cell in FIG. 30A. As 
Such, the area Size is further reduced by Such a multiple 
Vertical-layer Structure. 
0.136. In a nutshell, it is possible for the third embodiment 
to further reduce the effective area of the circuit than the first 
embodiment by (1) burying any traditional peripheral 
devices underneath a vertical SRAM cell; (2) adopting 
Straight vertical peripheral devices (without using the Sub 
strate) to be connected with a straight vertical SRAM cell; 
and/or (3) stacking one or more straight vertical SRAM cells 
on the top of each other to form a multiple-Vertical-layer 
Structure. 

Fourth Embodiment 

0137) The fourth embodiment is hybrid of the first and 
third embodiments. This embodiment is obtained by substi 
tuting the bottom pair of Vertical transistors in the third 
embodiment with a pair of horizontal transistor in the first 
embodiment. Referring to the circuit diagram in FIG. 31 
(exactly the same as FIG. 23), a 6T vertical SRAM accord 
ing to the fourth embodiment of the invention includes two 
transfer NMOS transistors Q.5 and Q6 formed on the top of 
two load PMOS transistors Q1 and O2, which are in turn 
formed on the top of two drive NMOS transistors Q3 and Q4 
grown in the Substrate. The levels of the load MOSs and the 
drive MOSs can be switched as long as the transfer MOSs 
Stay within a shared gate electrode block. AS shown in the 
3D diagram of the fourth embodiment (FIG. 32), Q1 
includes a Source 8, a gate electrode 2, and a drain 7. Q2 
includes a Source 8', a gate electrode 2', and a drain 7". Q3 
includes a Source 6, a gate electrode 16, and a drain 5. Q4 
includes a source 6', a gate electrode 16 and a drain 5". Q5, 
Q6 (not shown) are constructed underneath the 3D structure 
shown in FIG. 32. 

0.138 AVcc beam and a pair of horizontal interconnects 
17, 17" are built above the horizontal transistors. Each of the 
drive transistors Q3 and Q4 includes an active region. The 
block 16 is embedded with the gate electrodes of Q5, Q6, 
and the word line 11 (shared gate/WL). A pair of bit lines 9, 
9" are moved to the top to be directly connected with Q5, Q6 
such that no bit line contact is necessary. FIG. 33 shown a 
side view of the structure in FIG. 31 looking from the plane 
of the front end of the bit lines 9, 9(BL). 
0.139. The horizontal interconnect beam 17 connects Q4 
to the vertical interconnect column 4, and the horizontal 
interconnect beam 17 connects Q3 the vertical interconnect 
column 4. Above the drive transistors Q3 and Q4 are a pair 
of horizontal interconnect beams 3, 3' buried in an inter 
layer insulating film. The horizontal interconnect beam 3 
connects Q2 to the vertical interconnect column 4, and the 
horizontal interconnect beam 3' connect Q1 to the vertical 
interconnect column 4. Q1, Q2 are connected to VSS beams 
12, 12" respectively, and Q3, Q4 are connected to a Vcc 
beam 13 with Vcc contacts 14, 14'. The VSS beam right 
above the Vcc beam is shared by a plurality of SRAM cells. 
FIG. 33 shows a side view of the structure in FIG. 31 
looking from the plane of the front ends of the horizontal 
interconnects 17, 17" (HIC). Thus, high integration and 
low-drive-voltage operation become possible. 
0140. By looking down from a plane I'-I" in FIG. 33, 
FIG. 34 schematically shows the top view of the horizontal 
transistors in the layout of a plurality of SRAM cells of the 
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fourth embodiment of FIG. 32. 17, 17' denote the two 
horizontal interconnects. 58 denotes VSS/Vcc contacts. 45 
denotes an area for the unit cell of the fourth embodiment in 
FIG. 32. Comparing within the third embodiment, its bigger 
horizontal driver transistors are faster than its vertical trans 
fer transistors, and they can easily be grown in the Si 
substrate. Comparing with other embodiments (FIGS. 11, 
20), this embodiment requires bigger area Space in the 
Substrate than the first, Second and third embodiments. 
However, the prior three embodiments do not have the 
mentioned internal comparison feature of the fourth embodi 
ment. 

0141. By looking down from a plane II'-II" in FIG. 33, 
FIG. 35 schematically shows the top view of the vertical 
transfer transistors Q5, Q6 in the layout of a plurality of 
SRAM cells of the fourth embodiment of FIG. 32. In 
particular, 46, 46" denote the vertical transistor Q5, Q6 
Stacking on the top of the vertical interconnect 4'', 4, respec 
tively. 16 denotes a long block structure embedded with a 
plurality of blocks 16 which is embedded with the gate 
electrodes of Q5, O6, and the word line 11. 45 denotes an 
area for the unit cell of the fourth embodiment in FIG. 32. 
Comparing with the third embodiment, FIG. 35 looks 
almost the same as FIG. 27 except its lower block 16 is 
longer, Such as 25% longer, than the one of the third 
embodiment. This is a direct result of the layout in FIG. 36 
and the 3D structure in FIG. 32. 

0142. By looking down from a plane III'-III' in FIG.33, 
FIG. 36 schematically shows the top view of the vertical 
load transistors Q1, Q2 in the layout of a plurality of SRAM 
cells of the fourth embodiment of FIG. 32. In particular, 46 
denotes the Vertical transistor Q2 Stacking on the top of a 
horizontal interconnect 3 rather than any vertical intercon 
nect or vertical transistor as in the prior embodiment. 47 
denoted the gate electrode 2" of Q2. By arranging the unit 
cell 45-1 head to head with the unit cell 45-2, the two unit 
cells Share VSS and Vcc. On the other hand, by arranging the 
unit cell 45-1 parallel with the unit cell 45-3, the two unit 
cells do not share VSS and Vcc. Any Such Stacking or topping 
is not precise due to alignment margins or any other design 
consideration. Comparing with the third the embodiment, 
FIG. 36 looks almost the same as FIG. 28 except its lower 
row is longer, Such as 25% longer, than the one of the third 
embodiment. This is also a direct result of the following 
layout and the 3D structure in FIG. 32. The fourth embodi 
ment has a layout in FIG. 33 having the same shape as the 
third embodiment but with a pair of vertical transistors set at 
two diagonal corners of a larger Square and a pair of Vertical 
interconnects Set at the other two diagonal corners of the 
square. Therefore, the smallest pitch of the fourth embodi 
ment is larger than the one in the third embodiment, and the 
respective one in the first and Second embodiments as well. 
0143. By looking down from a plane VI'-VI" in FIG.33, 
FIG. 37 schematically shows the top view of the horizontal 
interconnects in the layout of a plurality of SRAM cells of 
the fourth embodiment of FIG. 32. The interconnect 3 is 
perpendicular to the position of gate electrodes of the 
drive/load transistors 47 in FIG. 36. Comparing with the 
third embodiment, FIG. 37 looks almost the same as FIG. 
29 except its lower row is longer, Such as 25% longer, than 
the one of the third embodiment. By analogy, this is also a 
direct result of the above-mentioned layout and the 3D 
Structure in FIG. 32. 
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0144. The fourth embodiment can also be easily modified 
by shifting around the building blockS or their portions. AS 
discussed later in the Seventh embodiment, the load transis 
tors Q5, Q6 may be eliminated from the fourth embodiment. 
0145 The process flow of the fourth embodiment is 
similar to the one of the first embodiment or any other prior 
embodiments, which is easily to be figured out by one 
skilled in the art. 

Fifth Embodiment 

0146 The fifth embodiment is obtained by Switching Q1, 
Q2 with Q3, Q4 in the fourth embodiment, then putting the 
four vertical transistors Q5, O6, Q3, Q4 into the same level. 
Referring to the circuit diagram in FIG.38 (similar to FIG. 
31), a 6T vertical SRAM according to the fifth embodiment 
of the invention includes two transfer NMOS transistors Q5 
and O6 formed in the same level with the two drive NMOS 
transistors Q3 and Q4 above of two load PMOS transistors 
Q1 and Q2 made in the crystal Si wafer substrate. The drive 
MOSs are preferred to be the same conductivity type as the 
transfer MOSs (embedded within a shared gate electrode 
block) So as to combine the manufacturing process for the 
drive MOSs with the transfer MOSs into one. As shown in 
the 3D diagram of the fifth embodiment (FIG. 39), Q3 
includes a Source 6, a gate electrode 1, and a drain 5. Q4 
includes a source 6', a gate electrode 1", and a drain 5". Q5 
includes a Source 6, a gate electrode 16, and a drain 5. Q6 
includes a Source 6', a gate electrode 16 and a drain 5. Q1, 
Q2 (not shown) are constructed underneath the 3D structure 
shown in FIG. 39. 

0147 A pair of bit lines 9, 9 are connected to the top of 
Q5, Q6 Such that no bit line contact is necessary. Each of the 
load transistors Q5 and Q6 includes an active region. A Vcc 
beam and a pair of horizontal interconnects 17, 17" are built 
above the in the horizontal transistors. The block 1 is 
embedded with the gate electrodes of Q5, Q6, and the word 
line 11 (shared gate/WL). FIG. 40 shows a side view of the 
structure in FIG. 39 looking from the plane of the front end 
of the word line 16 (G/WL). 
0.148. The horizontal interconnect beam 17 connects Q6 
to the vertical interconnect column 4, and the horizontal 
interconnect beam 17 connects Q5 the vertical interconnect 
column 4. Above the drive transistors Q3 and Q4 are a pair 
of horizontal interconnect beams 3, 3' buried in an inter 
layer insulating film. The horizontal interconnect beam 3 
connects Q3 to the vertical interconnect column 4, and the 
horizontal interconnect beam 3' connect Q4 to the vertical 
interconnect column 4'. An additional pair of horizontal 
interconnects 3,3' are provided in this embodiment than the 
fourth embodiment. The horizontal interconnect beam 3 
connects Q6 to the vertical interconnect column 4, and the 
horizontal interconnect beam 3' connect Q5 to the vertical 
interconnect column 4. Q3, Q4 are connected to one shared 
VSS beam 12, and Q1, O2 are connected to a Vcc beam 13 
with Vcc contacts 14, 14'. Thus, high integration and low 
drive-voltage operation become possible. Comparing with 
all prior embodiments, the unit cell height of this embodi 
ment is lowest Since only a single vertical transistor level is 
required. On the other hand, both the first and fourth 
embodiments have two vertical levels, the third embodiment 
has three vertical levels, and the Second embodiment has 
four vertical levels. 
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0149 Taking a partial perspective view of the top gate 
electrode block in FIG. 39, FIG. 41 shows an enlarged 
perspective view of Q5, Q6 embedded at two ends of the 
gate electrode block 20 (or 16). As mentioned in the first 
embodiment, the silicon dioxide gate dielectric wall 18 of 
Q5, Q6. are both cylindrical. And the gate electrode block 16 
is embedded with Q5 and Q6. The shared-gate-electrode 
feature is applicable only for a pair of transfer transistors 
(but not a pair of load or drive transistors). 
0150. By looking down from a plane I'-I" in FIG. 40, 
FIG. 42 schematically shows the top view of the horizontal 
interconnects in the layout of a plurality of SRAM cells of 
the fifth embodiment of FIG. 39.68, 68' denote the position 
of the vertical transistors Q3, Q4. The interconnects 3,3' are 
perpendicular to the gate electrodes of the Vertical transistors 
in FIG. 39. 45 denotes an area for one unit cell of the fifth 
embodiment in FIG. 39. Comparing with the third/fourth 
embodiments respectively, FIG. 42 looks almost the same as 
FIGS. 29/37 except its both rows are longer, such as 
50%/20% longer, than those of the third/fourth embodi 
ments. This is a direct result of the layout in FIG. 44 and the 
3D Structure in FIG. 39. 

0151. By looking down from a plane II'-II" in FIG. 40, 
FIG. 43 schematically shows the top view of the horizontal 
transistors in the layout of a plurality of SRAM cells of the 
fifth embodiment of FIG. 39. 4 & 4" denote the two vertical 
interconnects. 17, 17 denote the two horizontal intercon 
nects. 58 denotes VSS/Vcc contacts. 44, 44 denote the active 
regions of the horizontal transistorS Q1, Q2. By arranging 
the lower portion of the unit cell 45-1 head to head with the 
lower portion of the unit cell 45-2, the two unit cells share 
Vss and Vcc. On the other hand, by arranging the lower 
portion of the unit cell 45-1 parallel with the lower portion 
of the unit cell 45-3, the two unit cells do not share VSS and 
Vcc. Comparing with other embodiments (FIGS. 11, 20, 
34), this embodiment takes bigger area space over the 
Substrate due to its three parallel gate electrode blocks in one 
vertical level. On the other hand, the first, third, and fourth 
embodiments only have two parallel gate electrode blocks in 
the same vertical level, and the Second embodiment has 
merely one single gate electrode block in each vertical level. 

0152. By looking down from a plane III'-III' in FIG. 40, 
FIG. 44 schematically shows the top view of the four 
vertical transfer transistors Q3, Q4, Q5, Q6 in the layout of 
a plurality of SRAM cells of the fifth embodiment of FIG. 
39 (by ignoring the intermediate horizontal interconnects 
and the Vss). The word line 16, which is embedded with the 
gate electrodes of Q5, Q6, is shown as the top of the 
drawing. 59 & 59' denote the positions of the two vertical 
transistors Q6, Q5, and 68 & 68' denote the positions of the 
two vertical transistors Q4, Q3. 3 & 3" denote the two 
horizontal interconnects connecting Q6, Q5 to the vertical 
interconnects 4, 4 respectively. Comparing with the third/ 
fourth embodiments respectively, FIG. 44 looks almost the 
same as FIGS. 27/35 except its both rows are longer, such 
as 50%/20% longer, than those of the third/fourth embodi 
ments. The fifth embodiment has a layout in FIG. 44 with 
a lower portion the same as the Square of the third and fourth 
embodiments but an upper portion having a third pair of 
Vertical transistorS Set at two end corners of a rectangular. 
Therefore, the smallest pitch of the fifth embodiment is 
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larger than the respective one in the third and forth embodi 
ments, and the respective one in the first and Second embodi 
mentS. 

0153. The fifth embodiment can also be easily modified 
by shifting around the building blocks or their portions. For 
example, the shared gate electrode block of Q5, Q6 may be 
shifted to the left side of O3, Q4. As shown in FIG. 45 the 
modified embodiment 5-1 extends the horizontal intercon 
nect 3 to be as long as the horizontal interconnect 3". AS a 
result, the horizontal interconnect 3 also extends towards 
position 68 (FIG. 46). The extension of the horizontal 
interconnect 3 evens the length of horizontal interconnects 
3,3', which results in more homogeneous SRAM properties. 
AS discussed later in the Seventh embodiment, the load 
transistors Q5, Q6 may be eliminated from the fifth embodi 
ment. 

0154) The process flow of the fifth embodiment is similar 
to the one of the first embodiment or any other prior 
embodiments, which is easily to be figured out by one 
skilled in the art. 

Sixth Embodiment 

O155 The sixth embodiment is obtained by separating the 
gate electrode block of Q5, Q6 in the fifth embodiment into 
two blocks. The circuit diagram of a 6T vertical SRAM 
according to the Sixth embodiment is the same as the fifth 
embodiment (FIG. 38) of the invention includes two trans 
fer NMOS transistors O5 and O6 formed in the same level 
with the two drive NMOS transistors O3 and O4 above of 
two load PMOS transistors Q1 and O2 made in the Substrate. 
The drive MOSs are preferred to be the same conductivity 
type as the transfer MOSs so as to combine the manufac 
turing process for the drive MOSs with the transfer MOSs 
into one. As shown in the 3D diagram of the sixth embodi 
ment (FIG. 47), Q3 includes a source 6, a gate electrode 1, 
and a drain 5. Q4 includes a Source 6', a gate electrode 1", and 
a drain 5". Q5 includes a Source 6, a gate electrode 16, and 
a drain 5. Q6 includes a Source 6', a gate electrode 16' and 
a drain 5. Q1, Q2 (not shown) are constructed underneath 
the 3D structure shown in FIG. 47. 

0156) A pair of bit lines 9, 9 are connected to the top of 
Q5, Q6 Such that no bit line contact is necessary. Each of the 
load transistors Q5 and Q6 includes an active region. A Vcc 
beam and a pair of horizontal interconnects 17, 17" are built 
above the horizontal transistors. The word line blocks 16, 16 
are embedded with the gate electrodes of Q5, Q6 respec 
tively. FIG. 48 shows a side view of the structure in FIG. 
47 looking from the plane of the front end of the word line 
16 (G/WL). 
O157 The horizontal interconnect beam 17 connects Q6 
to the vertical interconnect column 4, and the horizontal 
interconnect beam 17 connects Q5 the vertical interconnect 
column 4. Above the drive transistors Q3 and Q4 are a pair 
of horizontal interconnect beams 3, 3' buried in an inter 
layer insulating film. The horizontal interconnect beam 3 
connects Q3 to the vertical interconnect column 4, and the 
horizontal interconnect beam 3' connect Q4 to the vertical 
interconnect column 4'. An additional pair of horizontal 
interconnects 3,3' are provided in this embodiment than the 
fourth embodiment. The horizontal interconnect beam 3 
connects Q6 to the vertical interconnect column 4, and the 
horizontal interconnect beam 3' connect Q5 to the vertical 
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interconnect column 4. Q3, Q4 are connected to one shared 
VSS beam 12, and Q1, O2 are connected to a Vcc beam 13 
with Vcc contacts 14, 14'. Thus, high integration and low 
drive-voltage operation become possible. 

0158 Comparing with the fifth embodiment, the unit cell 
height of this embodiment is the same as that of the fifth 
embodiment. AS Such, its height is lower than the first, 
Second, third, and fourth embodiments. The Separation of 
gate electrode blocks of Q5, Q6 evens the length of hori 
Zontal interconnects 3,3', which results in more homoge 
neous SRAM properties. However, as this creates one more 
gate electrode block which requires more Space. 

0159. By looking down from a plane I'-I" in FIG. 48, 
FIG. 49 schematically shows the top view of the horizontal 
interconnects in the layout of a plurality of SRAM cells of 
the sixth embodiment of FIG. 47.68, 68' denote the position 
of the vertical transistors Q3, Q4. The interconnects 3,3' are 
perpendicular to the gate electrodes of the Vertical transistors 
in FIG. 47. 45 denotes an area for one unit cell of the sixth 
embodiment in FIG. 47. Comparing with the third/fourth/ 
fifth embodiments respectively, FIG. 49 looks almost the 
same as FIGS. 29/37/42 except its both rows are longer, such 
as 100%/60%/33% longer, than the one of the third/fourth/ 
fifth embodiments. This is a result of additional vertical gate 
electrode blockS. By analogy, this is a direct result of the 
layout in FIG. 51 and the 3D structure in FIG. 47. 
0160. By looking down from a plane II'-II" in FIG. 48, 
FIG. 50 schematically shows the top view of the horizontal 
transistors in the layout of a plurality of SRAM cells of the 
sixth embodiment of FIG. 47. 4 & 4 denote two vertical 
interconnects. 17, 17' denote the two horizontal intercon 
nects. 58 denotes VSS/Vcc contacts. 44 denotes the active 
regions of the horizontal transistors Q1, Q2. 45 denotes an 
area for one unit cell of the sixth embodiment in FIG. 47. 
Comparing with other embodiments (FIGS. 11, 20, 34,43), 
this embodiment requires bigger area Space over the Sub 
strate than the fifth embodiment due to its four parallel gate 
electrode blocks in one vertical level. Consequently, it also 
requires more area Space than the Second, third, first, and 
fifth embodiments. The fifth embodiment takes three parallel 
gate electrode blocks in the same vertical level, the first, 
third, and fourth embodiments only have two parallel gate 
electrode blocks in the same vertical level, and the Second 
embodiment has merely one Single gate electrode blocks in 
each vertical level. 45 denotes an area for the unit cell of the 
sixth embodiment in FIG. 47. By arranging the unit cell 
45-1 parallel with the lower portion of the unit cell 45-2, the 
two unit cells share Vss and Vcc. On the other hand, by 
arranging the middle portion of the unit cell 45-1 parallel 
with the middle portion of the unit cell 45-3, the two unit 
cells do not share VSS and Vcc. 

0161. By looking down from a plane III'-III' in FIG. 48, 
FIG. 51 schematically shows the top view of the four 
vertical transfer transistors Q3, Q4, Q5, Q6 in the layout of 
a plurality of SRAM cells of the sixth embodiment of FIG. 
47 (by ignoring the intermediate horizontal interconnects 
and Vss). The word lines 16, 16' which are embedded with 
the gate electrodes of Q5, Q6 respectively. 59 & 59' denote 
the positions of the two vertical transistors Q6, Q5, and 68 
& 68' denote the positions of the two vertical transistors Q4, 
Q3. 3 & 3" denote the two horizontal interconnects connect 
ing Q6, Q5 to the vertical interconnects 4, 4 respectively. 
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Comparing with the third/fourth/fifth embodiments respec 
tively, FIG. 51 looks almost the same as FIGS. 27/35/44 
except its both rows are longer, such as 100%/60%/33% 
longer, than the one of the third/fourth/fifth embodiments. 
This is a result of additional vertical gate electrode blockS. 
The sixth embodiment has a layout in FIG. 51 with a 
horizontal layout with a middle portion having the same 
square as the third and fourth embodiments but with two 
additional vertical transistorS Set at two sides of a larger 
rectangular than the fifth embodiment. Therefore, the small 
est pitch of the Sixth embodiment is larger than the respec 
tive one in the fifth, forth and third embodiments, and the 
respective one in the first and Second embodiments. 
0162 The sixth embodiment can also be easily modified 
by shifting around the building blockS or their portions. AS 
discussed later in the Seventh embodiment, the load transis 
tors Q5, Q6 may be eliminated from the six embodiment. 
0163 The process flow of the sixth embodiment is simi 
lar to the one of the first embodiment or any other prior 
embodiments, which is easily to be figured out by one 
skilled in the art. 

Seventh Embodiment (4T SRAM) 
0164. In additional to the discussed six-transistor (6T) 
cell form, the invention includes another species of SRAM 
cells having only four transistors (without two load transis 
tors). The seventh embodiment is obtained by substituting 
the load transistors with the parasitic resistance of the four 
drive and transfer transistors (as the load elements for 
controlling the flip-flop operation using the leakage current). 
Thus, the use of the 4T configuration is incorporated into the 
invention to further reduce the cell Size by reducing the 
transistor number, but at the cost of increasing leakage 
Current. 

0.165. The four vertical transistors are preferably two 
n-channel devices with two p-channel devices. The process 
flow of the seventh embodiment is similar to the one of the 
first embodiment or any other prior embodiments, which is 
easily to be figured out by one skilled in the art. 
0166 There are many conceivable variations of the 
dimensions of the described layers, regions, masks and 
Structures to be adapted to the respective requirements of the 
embodiments of the invention. The semiconductor structure 
does not have to be web-shaped, but rather can be adapted 
to the respective requirements. The sidewalls, the S-C-D 
columns, the Vertical interconnects of the Semiconductor 
Structures do not have to run perpendicularly to the Substrate 
Surface of the Semiconductor Structure, but rather can form 
any desired angle with the Surface of the Semiconductor 
structure. Bit line and word line do not have to run parallel 
with the Substrate, but rather can form any desired angle. 
0.167 The principles, preferred embodiments and modes 
of operation of the present invention have been described in 
the foregoing Specification. However, the invention which is 
intended to be protected is not limited to the particular 
embodiments disclosed. The embodiments described herein 
are illustrative rather than restrictive. Variations and changes 
may be made by one skilled in the art without departing from 
the Spirit of the present invention. Accordingly, it is 
expressly intended that all Such variations or changes which 
fall within the Spirit and Scope of the present invention as 
defined in the claims, be embraced thereby. 
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What is claimed is: 
1. An SRAM device comprising: 
a plurality of word lines, 
a plurality of bit lines, and 
a plurality of Static memory cells each including a first, 

Second, third, fourth, fifth, and Sixth transistors, 

wherein gates of Said fifth and Sixth transistors are 
coupled to Said word lines, 

wherein Source and drain regions of Said fifth and Sixth 
transistors are formed inside a Semiconductor Substrate, 

wherein channel regions, Source and drain regions of Said 
first and Second transistors are formed by depositing 
three poly-Silicon layers above a Substrate Surface of 
the Semiconductor Substrate, 

wherein Vertical Sides of Said three poly-Silicon layers, 
which Surfaces are vertical against Said Substrate Sur 
face, are completely Surrounded by a gate layer and 
having a dioxide layer inbetween, 

wherein Some of Said first, Second, third, fourth, fifth, and 
Sixth transistors are disposed on different Surfaces from 
each other, and 

wherein Said different Surfaces are electrically connected 
through a vertical interconnect element. 

2. The SRAM device according to claim 1, 
wherein Said three poly-Silicon layers includes a first, 

Second, and third poly-Silicon layers, and 
wherein the first poly-Silicon layer forms Said drain 

regions, the Second poly-Silicon layer deposited above 
Said first poly-Silicon layer forms Said channel regions, 
the third poly-Silicon layer deposited above Said Second 
poly-Silicon layer forms said Source regions, Said diox 
ide layer is formed around Said vertical Sides of a 
column made from etching Said first, Second, and third 
poly-Silicon layers, and Said gate layer is deposited 
around Said dioxide layer. 

3. A method for forming a SRAM device comprising a 
plurality of word lines, a plurality of bit lines, and a plurality 
of Static memory cells each including a first, Second, third, 
fourth, fifth, and Sixth transistors, wherein gates of Said fifth 
and Sixth transistors are coupled to Said word lines, wherein 
Source and drain regions of Said fifth and Sixth transistors are 
formed inside a Semiconductor Substrate, comprising: 

depositing three poly-Silicon layers above a Substrate 
Surface of the Semiconductor Substrate to form channel 
regions, Source and drain regions of Said first and 
Second transistors, 

completely Surrounding vertical Sides of Said three poly 
Silicon layers, which Surfaces are vertical against Said 
Substrate Surface, by a gate layer and providing a 
dioxide layer in-between; 

disposing Some of Said first, Second, third, fourth, fifth, 
and Sixth transistors on different Surfaces from each 
other, Said different Surfaces being electrically con 
nected through a vertical interconnect element, 

wherein Said three poly-Silicon layers includes a first, 
Second, and third poly-Silicon layers, and 
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wherein Said first and Second transistors are formed by 
Steps of 

depositing the first poly-Silicon layer which forms Said 
drain regions, 

depositing the Second poly-Silicon layer above Said first 
poly-Silicon layer, which forms Said channel regions, 

depositing the third poly-Silicon layer above Said Second 
poly-Silicon layer, which forms Said Source regions, 

etching Said first, Second, and third poly-Silicon layers to 
form columns, forming Said dioxide layer around Said 
Vertical sides, and 

depositing Said gate layer around Said dioxide layer. 
4. The SRAM device according to claim 2, 
wherein Said plurality of word lines are formed in a layer 

between said Substrate Surface and Said layer forming 
Said Second power line. 

5. The SRAM device according to claim 2, further com 
prising: 

a peripheral circuit including a row and column decoder, 
wherein transistors forming Said peripheral circuit 

includes Velical transistors having currents flowing 
through channel regions thereof in a vertical direction 
which is vertical against the Substrate Surface. 

6. The SRAM device according to claim 1, 
wherein the first, second transistors are arranged in a level 

different from a level containing the third, fourth tran 
Sistors. 

7. The SRAM device according to claim 6, 
wherein the transistors located in different levels are 

Selectively connected to each other via at least one 
Vertical interconnect. 

8. The SRAM device according to claim 7, 
wherein Said at least one vertical interconnect croSS-links 

with at least one of a horizontal interconnect, the first 
power line, and the Second power line, each of which 
is parallel with the Substrate Surface. 

9. The SRAM device according to claim 1, 
wherein the Semiconductor Substrate is made of Single 

crystal Silicon. 
10. An SRAM device comprising: 
a plurality of word lines, 
a plurality of bit lines, and 
a plurality of Static memory cells each including a first, 

Second, third, fourth, fifth, and Sixth transistors, 

wherein gates of Said fifth and Sixth transistors are 
coupled to Said word lines, 

wherein channel regions, Source and drain regions of Said 
fifth and Sixth transistors are formed inside a Semicon 
ductor Substrate Such that currents flow via Said channel 
regions aligning in a first direction, 

wherein channel regions, Source and drain regions of Said 
first and Second transistors are formed by depositing 
three poly-Silicon layers above a Substrate Surface of 
the Semiconductor Substrate Such that currents flow via 
Said channel regions aligning in a Second direction 
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which crosses Said first direction at an angle greater 
than Zero degree and Smaller than 90 degrees, 

wherein aligning Sides of Said three poly-Silicon layers, 
which Surfaces are parallel with Said Second direction, 
are completely Surrounded by a gate layer having a 
dioxide layer inbetween, 

wherein Some of Said first, Second, third, fourth, fifth, and 
Sixth transistors are disposed on different Surfaces each 
other, and 

wherein Said different Surfaces are electrically connected 
through a vertical interconnect element. 

11. The SRAM device according to claim 10, 
wherein Said three poly-Silicon layers includes a first, 

Second, and third poly-Silicon layers, and 
wherein the first poly-Silicon layer forms Said drain 

regions, the Second poly-Silicon layer deposited above 
Said first poly-Silicon layer forms Said channel regions, 
the third poly-Silicon layer deposited above Said Second 
poly-Silicon layer forms said Source regions, Said diox 
ide layer is formed around Said vertical Sides of a 
column made from etching Said first, Second, and third 
poly-Silicon layers, and Said gate layer is deposited 
around Said dioxide layer. 

12. A method for forming a SRAM device comprising a 
plurality of word lines, a plurality of bit lines, and a plurality 
of Static memory cells each including a first, Second, third, 
fourth, fifth, and sixth transistors, wherein gates of said fifth 
and Sixth transistors are coupled to Said word lines, wherein 
channel regions, Source and drain regions of Said fifth and 
Sixth transistors are formed inside a Semiconductor Substrate 
Such that currents flow via Said channel regions aligning in 
a first direction, comprising: 

depositing three poly-Silicon layers above a Substrate 
Surface of the Semiconductor Substrate to form channel 
regions, Source and drain regions of Said first and 
Second transistorS Such that currents flow via Said 
channel regions aligning in a Second direction which 
crosses Said first direction at an angle greater than Zero 
degree and Smaller than 90 degrees, 

completely Surrounding aligning Sides of Said three poly 
Silicon layers, which Surfaces are parallel with Said 
Second direction, by a gate layer and providing a 
dioxide layer in-between; 

depositing Some of Said first, Second, third, fourth, fifth, 
and Sixth transistors on different Surfaces each other, 
Said different Surfaces being electrically connected 
through a vertical interconnect element, 

wherein Said three poly-Silicon layers includes a first, 
Second, and third poly-Silicon layers, and 

wherein Said first and Second transistors are formed by 
Steps of 
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depositing the first poly-Silicon layer which forms Said 
drain regions, 

depositing the Second poly-Silicon layer above Said first 
poly-Silicon layer, which forms Said channel regions, 

depositing the third poly-Silicon layer above Said Second 
poly-Silicon layer, which forms Said Source regions, 

etching Said first, Second, and third poly-Silicon layers to 
form columns, forming Said dioxide layer around Said 
Vertical sides, and 

depositing Said gate layer around Said dioxide layer. 
13. The SRAM device according to claim 11, 
wherein Said plurality of word lines are formed in a layer 

between said Substrate Surface and Said layer forming 
Said Second power line. 

14. The SRAM device according to claim 11, further 
comprising: 

a peripheral circuit including a row and column decoder, 
wherein transistors forming Said peripheral circuit 

includes vertical transistors having currents flowing 
through channel regions thereof in a vertical direction 
which is vertical against the Substrate Surface. 

15. The SRAM device according to claim 10, 
wherein the first, Second transistors are arranged in a level 

different from a level containing the third, fourth tran 
Sistors. 

16. The SRAM device according to claim 15, 
wherein the transistors located in different levels are 

Selectively connected to each other via at least one 
Vertical interconnect. 

17. The SRAM device according to claim 16, 
wherein Said at least one vertical interconnect croSS links 

with at least one of a horizontal interconnect, the first 
power line, and the Second power line, each of which 
is parallel with the Substrate Surface. 

18. The SRAM device according to claim 10, 
wherein the Semiconductor Substrate is made of Single 

crystal Silicon. 
19. The Amethod for forming a SRAM device according 

to claim 3, 
wherein during the etching Step, a mask covers a Surface 

of said third poly-silicon layer which is parallel with 
Said Substrate Surface, and Said mask is removed before 
Said layer forming Said first power line is formed. 

20. The A method for forming a SRAM device according 
to claim 12, 

wherein during the etching Step, a mask covers a Surface 
of said third poly-silicon layer which is parallel with 
Said Substrate Surface, and Said mask is removed before 
Said layer forming Said first power line is formed. 
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